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(57) ABSTRACT

A method of and device for forming a tripode star for a
tripode joint, which tripode star comprises an annular hub
member and three arms which adjoin the hub member,
extend radially relative to a longitudinal axis (A) and form
faces of spherical portions each positioned circumierentially
relative to arm axes (Z) of the arms, wherein, in a first
production stage, the hub member and the three arms are
preformed from a blank by means of a first tool divided 1n
a plane (E1) containing the arm axes (Z) and wherein, in a
second production stage, pairs of burr-free faces of spherical
portions positioned opposite one another 1n the circumfier-
ential direction relative to the hub member (12) are formed
on to the preformed arms by means of a second tool divided
in planes extending through the longitudinal axis (A) of the
hub member and through the arm axes (Z).

20 Claims, 4 Drawing Sheets




U.S. Patent Mar. 23,2004  Sheet 1 of 4 US 6,708,549 B2

rﬂ'--—---‘-“---.‘

: | b 23
.

/1!

D ETA i L " X " 2 f - “""-;{-(;n.-__:—{*———-——--_ -




U.S. Patent Mar. 23,2004  Sheet 2 of 4 US 6,708,549 B2

16~ LA 41

NN
, 227

ﬁm‘@?y oo /j
0 %l -

i
,
/
17 | 42

FIG. 3B

N




U.S. Patent Mar. 23,2004  Sheet 3 of 4 US 6,708,549 B2




U.S. Patent Mar. 23,2004  Sheet 4 of 4 US 6,708,549 B2

62

SN

N,/

7 7L L7
. ', :

N L
‘S‘Y} ]
AR AR MR

it A A,

17

K

(.

/X7 777



US 6,703,549 B2

1

METHOD AND DEVICE FOR MOULDING A
TRIPOD SPIDER

BACKGROUND OF THE INVENTION

The 1nvention relates to a method of and device for
forming a tripode star for a tripode joint, which tripode star
comprises an annular hub member and three arms which
adjomn the hub member, extend radially relative to the
longitudinal axis of the hub member and which each form
faces of spherical portions positioned circumferentially rela-
five to the arm axes of the arms. Tripode stars of said type
are used 1n tripode joints wherein roller carriers for the
rollers are arranged on the tripode arms, which roller carriers
are each provided with axial bores engaged by the tripode
arms 1n a substantially play-free way. In this way, the roller
carriers are axially displaceable and swingingly movable
relative to the tripode arm. In this way, 1t 1s ensured that,
when an outer joint part and an 1nner joint part of a tripode
joint rotate with one another 1n an angular position relative
to one another, the tripode rollers supported on the roller
carriers can be guided, so as to carry out a pure rolling
contact movement 1n the tracks of the outer joint part, with
the axes of the tripode rollers always being parallel relative
to themselves.

Tripode stars/inner joint parts of the above-mentioned
type have so far been produced by using a cylindrical blank
for forming the hub member and the three arms by forward
extrusion by means of a tool divided 1n the plane containing
the arm axes, as a result of which there occurs a burr
extending 1n the central plane of the tripode star. During a
subsequent production stage, which 1s not essential 1n this
connection, first, the hub member 1s provided with a bore.
This operation 1s followed by machining processes remov-
ing the burr which emerged during the deformation of the
blank at least 1n the region of the faces of the spherical
portions at the arms, which faces have to comprise a good
surface quality as functional faces, which cooperate with the
axial bores of the roller carriers. Said machining processes
can take place 1n the form of hard-turning or grinding carried
out at the already hardened tripode star.

SUMMARY OF THE INVENTION

It 1s the object of the present invention to simplily the
forming method used for the tripode stars of tripode joints of
said type.

The objective 1s achieved 1n that, first, as before, 1n a first
production stage, the hub member and the three arms are
pre-formed from a blank by means of a tool divided 1n the
plane containing the arm axes and that, 1n a second produc-
tion stage, pairs of burr-free faces of spherical portions
positioned opposite one another 1n the circumferential direc-
fion relative to the hub member are formed on to the
pre-formed arms by means of a tool divided in planes
extending through the longitudinal axis and through the arm
axes. During the second production stage, the burr which
emerged during the first production stage 1s removed, and
there are produced finished functional faces which do not
need any subsequent machining and whose surface rough-
ness 1s clearly reduced. It 1s appreciated that, during the first
production stage, the faces of the spherical portions at the
arms have to be pre-formed as far as possible, but still
comprising the material allowance required for the second
production stage.

It 1s possible, for the centers of the provisional faces of the
spherical portions, after the first production stage, still to be
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positioned at a certain distance from the longitudinal axis
and to assume their final position on a so-called pitch circle
diameter only during the second production stage.

According to a particularly preferable embodiment, 1t 1s
proposed that, in the course of the first production stage, the
arms are formed so as to comprise flattened portions
arranged opposite one another 1n the direction of the longi-
tudinal axis of the hub member. In this way it becomes
possible, during the second production stage, for the arms to
orow 1n this region, without their design-related functions
being adversely affected, 1.e. the remainming flattened por-
tions are still positioned 1nside the spherical contour comple-
menting faces of the spherical portions and thus within the
bore diameter of the roller carrier. Analogously, the same
applies to the arm heads radially growing into an outer free
space 1n the tools for the purpose of carrying out the second
production stage.

According to a first embodiment of the mnventive method,
the tripode star, during the second production stage, can be
held radially floatingly relative to the second tool in that
clamping tongs for example hold the hub member 1n an
accurate axial alignment only.

According to a second embodiment of the inventive
method, the tripode star, during the second production stage,
can be held so as to be firmly supported relative to the
second tool, for example 1n a third tool which 1s divided in
a plane contaimning the arm axes.

The forming process carried out on the arms 1n the second
production stage can take place 1n three individual opera-
fions or 1n one single forming operation.

In any case, an inventive tool for carrying out the second
production stage 1s characterised by at least one set of tools
including of two symmetric mold halves for forming a
tripode arm, which tool set 1s divided 1n a plane extending
through the longitudinal axis and through an arm axis. These
characteristics apply regardless of whether the second pro-
duction stage 1s carried out for each arm individually or for
all three arms simultaneously. In a preferred embodiment,
the at least one tool set 1s open at the arm end faces
positioned opposite one another in the direction of the
longitudinal axis.

In one embodiment of the tool for carrying out the second
production stage at one tripode arm only, the mold halves of
the one single tool set are designed so as to be linearly
ouided and movable 1n opposite directions perpendicularly
relative to the dividing plane.

A further embodiment of the tool for simultaneously
carrying out the second production stage on all three arms 1s
characterised in that the tool comprises three circumferen-
tially distributed tool sets with mold halves with outer tool
faces positioned approximately radially relative to the lon-
oitudinal axes and with three wedge elements which are
positioned between the tool sets, which can be moved
radially inwardly and whose wedge faces cooperate with the
outer tool faces of adjoining tool sets. All mold halves can
be designed so as to be movable independently of one
another and held in a cylindrical ring, or there can be
provided three first mold halves which are independent of
one another and are held 1n a cylindrical ring, whereas three
second complementary mold halves are firmly connected to
one another by a disc, or three first mold halves can be firmly
connected to one another by a first disc, with three second
complementary mold halves being firmly connected to one
another by a second disc.

A further embodiment of the tool for carrying out this
production stage i1s characterised in that the tool comprises
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three circumferentially distributed tool sets with mold halves
with outer tool faces which are arranged in pairs, which
extend parallel to the arm axes and which are positioned
wedge-like relative to one another and with three wedge
clements which can be moved axially in the longitudinal
direction, which are positioned between the tool sets and
which are supported in a cylindrical ring and which, by
means of their wedge faces, cooperate with the outer tool
faces of adjoining tool sets.

One tool, by means of which the arms can be machined
only mndividually during the second production stage, but
which permits the complete tripode star to be securely
supported during this forming operation 1s characterised in
that the mold halves are provided in the form of a pair of
punches which are guided 1n transverse bores of a holding,
tool which receives the complete tripode star and which 1s
divided 1n the plane containing the arm axes.

BRIEF DESCRIPTION OF THE DRAWINGS

An invenftive tripode star and tools for carrying out the
inventive method are illustrated in the drawings described
below.

FIG. 1 1s a plan view 1n the direction of the longitudinal
axis of a tripode star after the two forming stages 1n
accordance with the mvention have been carried out.

FIG. 2 shows an inventive tool for carrying out the second
production stage.

FIG. 3 shows an 1nventive tool 1 a second embodiment
a) In an axial view

b) in a section extending perpendicularly relative to an
arm axis.
FIG. 4 shows an inventive tool 1 a third embodiment

a) In an axial view

b) in a section through the longitudinal axis.
FIG. 5 shows an inventive tool 1n a fourth embodiment

a) in an axial view

b) in a section extending perpendicularly relative to the
arm axis

) in a section through the longitudinal axis.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 shows a tripode star 11 comprising an annular hub
member 12 with an 1inner bore 13, and two of three circum-
ferentially distributed arms 14. The arms 14 comprise a neck
15 with a smaller diameter. The arm head 14 1s shown to
comprise flattened portions 16, 17 positioned opposite one
another 1n the axial direction of the hub member, as well as
faces 18, 19 of spherical portions positioned opposite one
another 1n the circumferential direction of the hub member.
The centers of said faces of the spherical portions are
positioned on the arm axes Z and determine the so-called
pitch circle R. All contours are shown 1n continuous lines
after the second production stage has been carried out,
whereas dashed lines 1indicate the contours existing after the
first production stage. The Figure makes it clear that the hub
member 12 and the arm necks 15 are finished-formed even
after the first production stage, whereas the arms 14 them-
selves are still formed during the second production stage in
respect of all their details, in particular as regards the
position of the centers relative to the longitudinal axis A. The
first production stage is carried out by a first tool (not shown)
divided 1n the plane extending through the three arm axes Z,
whereas the second tools for the second production stage are
illustrated in the subsequent drawings.
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FIG. 2 shows a tool with a tool set 21, 22 for forming an
individual arm 1n a second production stage, which tool 1s
divided 1n a plane E2 extending through the longitudinal
axis A and an arm axis Z and of which the upper mold half
21 1s connected to an upper punch 23 and the lower mold
half 22 to a lower punch 24. In the direction of the axis A,
the tool set 21, 22 leaves openings extending in opposite
directions, so that, while the faces 18, 19 of the spherical
portions are being formed, material 1s able to flow towards
the end faces 16, 17 of the individual arms 14, which end
faces 16, 17 are positioned opposite one another in the
longitudinal direction. The tool illustrated here 1s suitable for
forming only one arm at a time, so that the second produc-

tion stage has to be carried out for each arm individually, one
after the other.

FIG. 3 shows a tool with three uniformly circumieren-
fially distributed tool sets each comprising of two mold
halves 31, 32 positioned on a table 40. The three first mold
halves are firmly connected to one another by an upper disc
and the three complementary mold halves are firmly con-
nected to one another by a lower disc 34. Alternatively, three
of the mold halves could be firmly connected to the table 33
or a disc, with only the complementary three mold halves
being individually floatingly arranged while being held in a
cylindrical ring. However, it would also be possible for all
mould halves to be 1nserted mnto a cylindrical ring so as to
be freely adjustable in the circumierential direction. The
angle o 1ndicates the possible opening angle between the
mold halves after the wedge tools 39 have been withdrawn.
The mold halves comprise tool reverse sides 35, 36 which
are positioned approximately radially relative to the axis A
and which cooperate with wedge faces 37, 38 of wedge tools
39 which are arranged between each two tool sets 31, 32 and
which can be fed 1n radially. It can be seen quite clearly that
at the respective end faces 16, 17 of the arms 14, the tool sets
produce recesses 41, 42, with material flowing 1nto same
during the subsequent forming of the faces 18, 19 of the
spherical portions. However, the material has to remain
within the sphere complementing the faces 18, 19 of the
spherical portions. F refers to the force applied to the wedge
tools 39. All the remaining details have been given the same
reference numbers as used in the previous Figures. Refer-
ence 1s therefore made to the respective description.

FIG. 4 shows a tool with three uniformly circumieren-
tially distributed tool sets 41, 42 whose mold halves com-
prise tool reverse sides 43, 44 which are arranged wedge-
like relative to one another and are positioned parallel to the
arm axes 7. The mold halves 41, 42 are supported on a table
45. The wedge reverse sides 43, 44 of two adjoining tool sets
cooperate with three wedge elements 49 which comprise
wedge faces 47, 48 inclined 1 opposite directions and
which, 1n turn, are held 1 a cylindrical ring 46 with a base
plate 50, which cylindrical ring 46 can be fed against the
table 45 by force F. All the remaining details have been
orven the same reference numbers as used 1n the previous
Figures. Reference 1s therefore made to the respective
description.

FIG. § shows a tool with one single tool set 51, 52 whose
mold halves are provided in the form of punches which are
cuided 1n the receiving halves 61, 62 of a holding tool
which, 1n turn, 1s divided 1n a plane E1 contained in a plane
extending through the arm axis Z. In respect of its mold
cavity and division, said holding tool substantially corre-
sponds to a first tool (not shown in this Figure) for carrying
out the first production stage. The mold halves 51, 52 which
are divided 1n the plane E2 are moved towards each other by
forces F to be able to carry out the second production stage.
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At the same time, the receiving halves 61, 62 are held
together by forces F, for the purpose of fixing the tripode
star. All further details have been given the same reference
numbers as used in the previous Figures. Reference 1is
therefore made to the respective description.

What 1s claimed 1s:

1. A method of forming a tripode star for a tripode joint,
said tripode star comprising an annular hub.

2. Amethod according to claim 1 wherein pre-forming the
hub member and the three arms includes forming the arms
so as to comprise flattened portions arranged opposite one
another in the direction of the longitudinal axis (A) of the
hub member.

3. A method according to claim 1 wherein forming pairs
of burr-free faces includes holding the tripode star so as to
be radially floating relative to the second tool.

4. A method according to claim 2 wherein forming pairs
of burr-free faces includes holding the tripode star so as to
be radially floating relative to the second tool.

5. A method according to claim 1 wherein forming pairs

of burr-free faces includes firmly supporting the tripode star
relative to the second tool.

6. A method according to claim 2 wherein forming pairs
of burr-free faces includes firmly supporting the tripode star
relative to the second tool.

7. Aforming tool for producing a tripode star for a tripode
joint, said tripode star comprising an annular hub member
and three arms which adjoin the hub member and extend
radially relative to a longitudinal axis (A) of the hub
member, and wherein each arm includes pairs of burr-free
faces of spherical portions positioned opposite one another
in a circumierential direction relative to the hub member and
positioned circumferentially relative to an arm axis (Z) of
the respective arm, the tool comprising:

at least one tool set comprising two symmetric mold
halves for forming a tripode arm, said tool set being
divided in a plane (E2) extending through the longitu-
dinal axis (A) and the respective arm axis (Z).

8. A forming tool according to claim 7 wherein each arm
includes flattened portions positioned opposite one another
in the direction of the longitudinal axis (A) wherein the at
the at least one tool set 1s open at the flattened portions of the
respective tripode arm.

three wedge elements positioned between the tool sets and
supported by a cylindrical ring, said wedge elements
being adapted to be fed axially in the longitudinal
direction, and each including wedge faces which coop-
crate with the outer tool faces of adjoining tool sets.

9. A forming tool according to claim 7 wherein the mold
halves are linearly guidable and movable 1n opposite
directions, perpendicular relative to the plane (E2).

10. A forming tool according to claim 8 wherein the mold
halves are linearly guidable and movable 1n opposite
directions, perpendicular relative to the plane (E2).

11. A forming tool according to claim 7 comprising;

three tool sets circumierentially distributed around the
longitudinal axis (A) and each comprising two mold
halves having outer tool faces positioned approxi-
mately radially relative to the longitudinal axis (A),
wherein all of said mold halves are supported 1n a
cylindrical ring; and

three wedge elements positioned between the tool sets,
said wedge elements being adapted to be fed radially
inwardly and each including wedge faces which coop-
crate with the outer tool faces of adjoining tool sets.

12. A forming tool according to claim 8 comprising:

three tool sets circumierentially distributed around the
longitudinal axis (A) and each comprising two mold
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6

halves having outer tool faces positioned approxi-
mately radially relative to the longitudinal axis (A),
wherein all of said mold halves are supported 1n a
cylindrical ring; and

three wedge elements positioned between the tool sets,
said wedge elements being adapted to be fed radially
inwardly and each including wedge faces which coop-
erate with the outer tool faces of adjoining tool sets.

13. A forming tool according to claim 7 comprising:

three tool sets circumierentially distributed around the
longitudinal axis (A) and each comprising two mold
halves having outer tool faces positioned approxi-
mately radially relative to the longitudinal axis (A),
wherein three of said mold halves are supported 1 a
cylindrical ring and three of said mold halves are
connected to one another by a disc; and

three wedge elements positioned between the tool sets,
said wedge elements being adapted to be fed radially
inwardly and each including wedge faces which coop-
erate with the outer tool faces of adjoining tool sets.
14. A forming tool according to claim 8 comprising;:

three tool sets circumierentially distributed around the
longitudinal axis (A) and each comprising two mold
halves having outer tool faces positioned approxi-
mately radially relative to the longitudinal axis (A),
wherein three of said mold halves are supported 1 a
cylindrical ring and three of said mold halves are
connected to one another by a disc; and

three wedge elements positioned between the tool sets,
said wedge elements being adapted to be fed radially
inwardly and each including wedge faces which coop-
erate with the outer tool faces of adjoining tool sets.
15. A forming tool according to claim 7 comprising:

three tool sets circumierentially distributed around the
longitudinal axis (A) and each comprising two mold
halves having outer tool faces positioned approxi-
mately radially relative to the longitudinal axis (A),
wherein three of said mold halves are connected to one
another by a first disc, and three complementary mold
halves are connected to one another by a second disc;
and

three wedge elements positioned between the tool sets,
said wedge elements being adapted to be fed radially
inwardly and each including wedge faces which coop-
erate with the outer tool faces of adjoining tool sets.
16. A forming tool according to claim 8 comprising;

three tool sets circumierentially distributed around the
longitudinal axis (A) and each comprising two mold
halves having outer tool faces positioned approxi-
mately radially relative to the longitudinal axis (A),
wherein three of said mold halves are connected to one
another by a first disc, and three complementary mold
halves are connected to one another by a second disc;
and

three wedge elements positioned between the tool sets,
said wedge elements being adapted to be fed radially
inwardly and each including wedge faces which coop-
erate with the outer tool faces of adjoining tool sets.
17. A forming tool according to claim 7 comprising:

three tool sets circumierentially distributed around the
longitudinal axis (A) and each comprising two mold
halves having outer tool faces positioned, 1n pairs, 1n
parallel to respective arm axis and arranged wedge-like
relative to one another; and

three wedge elements positioned between the tool sets and
supported by a cylindrical ring, said wedge elements
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being adapted to be fed axially in the longitudinal second, forming pairs of burr-free faces of spherical
direction, and each including wedge faces which coop- portions positioned opposite one another in a cir-
erate with the outer tool faces of adjoining tool sets. cumferential direction relative to the hub member on
18. A forming tool according to claim 8 comprising: to the preformed arms with a second tool divided 1n
three tool sets circumferentially distributed around the > planes (E2) extending through the longitudinal axis
longitudinal axis (A) and each comprising two mold (A) of the hub member and through the arm axes (Z).
halves having outer tool faces positioned, in pairs, 1n 19. A forming tool according to claam 9 wherein the mold
parallel to respective arm axis and arranged wedge-like halves comprise a pair of punches which are guided 1n
relative to one another; and member and three arms transverse bores of a holding tool which accommodates the
which adjoin the hub member and extend radially 1° entire tripode star and which is divided in a plane (E1)
relative to a longitudinal axis (A) of the hub member, containing the arm axes (Z).
and wherein each arm includes faces of spherical 20. A forming tool according to claim 10 wherein the
portions each positioned circumierentially relative to mold halves comprise a pair of punches which are guided in
an arm axis (Z) of the respective arm, the method transverse bores of a holding tool which accommodates the
comprising: 15 entire tripode star and which is divided in a plane (E1)
first, pre-forming the hub member and the three arms containing the arm axes (Z).

from a blank with a first tool divided in a plane (E1)
containing the arm axes (Z); and * k% k%
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CERTIFICATE OF CORRECTION

PATENT NO. : 6,708,549 B2 Page 1 of 2
APPLICATION NO. : 10/148251

DATED : March 23, 2004

INVENTOR(S) . Volker Hainz, Norbert Hofmann and Michael Ricks

It is certified that error appears in the above-identified patent and that said Letters Patent Is
hereby corrected as shown below:

Column 5:
Claim 1, should read as follows:

-- A method of forming a tripode star for a tripode joint, said tripode star comprising an
annular hub member and three arms which adjoin the hub member and extend radially
relative to a longitudinal axis (A) of the hub member, and wherein each arm includes
faces of spherical portions each positioned circumferentially relative to an arm axis (Z)
of the respective arm, the method comprising:

first, pre-forming the hub member and the three arms from a blank with a first tool
divided 1n a plane (E1) containing the arm axes (Z); and

second, forming pairs of burr-free faces of spherical portions positioned opposite one
another 1n a circumferential direction relative to the hub member on to the preformed
arms with a second tool divided in planes (E2) extending through the longitudinal axis
(A) of the hub member and through the arm axes (Z). --

Claim 8, should read as follows:

-- A forming tool according to claim 7 wherein each arm includes flattened portions
positioned opposite one another in the direction of the longitudinal axis (A) wherein the
at the at least one tool set 1s open at the flattened portions of the respective tripode

arm. --
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DATED : March 23, 2004

INVENTOR(S) . Volker Hainz, Norbert Hofmann and Michael Ricks

It is certified that error appears in the above-identified patent and that said Letters Patent Is
hereby corrected as shown below:

In The Claims:

Claim 18, should read as follows:

-- A forming tool according to claim 8 comprising:

three tool sets circumferentially distributed around the longitudinal axis (A) and each
comprising two mold halves having outer tool faces positioned, in pairs, in parallel to
respective arm axis and arranged wedge-like relative to one another; and

three wedge elements positioned between the tool sets and supported by a cylindrical
ring, said wedge elements being adapted to be fed axially 1n the longitudinal direction,

and each including wedge faces which cooperate with the outer tool faces ot adjoining
tool sets. --
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